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Radiative Bc meson decays Bc → γud¯
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Inclusive radiative decays Bc → γud¯ are considered. It is shown that photon
emission allows one to bypass the chiral suppression and leads the increase of the
branching fraction by about four orders of magnitude. The estimates of exclusive
decay branching fractions of Bc meson into different sets of pi mesons are also given.
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I. INTRODUCTION
Bc meson (b¯c) takes a special place in the family of heavy quarkonia. In contrast to (cc¯)
and (bb¯) systems the decays of ground Bc state are necessary caused by weak interaction
and can be divided onto three classes:
• b¯ quark decays with spectator c;
• c quark decays with spectator b¯;
• annihilation decays Bc → e+νe, cs¯, ud¯, etc.
Some decays of the first type, e.g. Bc → ψ(′) + X with X = π, 3π, 5π, eν (see [1–5]) and
only one decay of the second type (Bc → Bsπ) are experimentally measured for today.
Annihilation decays are not yet observed. Total branching fraction of these channels is
about 10% [6] and the main contribution is given by Bc → τν and Bc → cs¯ decays. Channels
with light quarks in the final state are almost negligible due to chirality suppression. This
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2suppression, however, can be bypassed if one consider radiative decays, e.g. Bc → ud¯ + γ.
The probabilities of these decays are suppressed by fine structure constant α, but the chirality
suppression factor (mu,d/MBc)
2 is absent. Our article is devoted to studies of such decays.
II. LIGHT MESON PRODUCTION IN RADIATIVE Bc DECAYS
Decays of Bc meson with only light particles in the final state necessary require the weak
annihilation of quark-antiquark pair cb¯. The effective Lagrangian of this interaction has the
form
Leff = −GF√
2
VbcVud
(
b¯γµ(1− γ5)c
)
(u¯γν(1− γ5)d) . (1)
Higher order QCD corrections can raise this expression by a factor of a1(mc) ≈ 1.14 [7].
Fig. 1 shows Feynman diagrams corresponding to the inclusive radiative decay
Bc(P ) → γ(k)u(k1)d¯(k2)
in the considered approximation (particles momenta are shown in the parentheses). It should
be noted that at the same order the diagram with photon emission from virtual W boson
should also be included, but the corresponding amplitude is suppressed by additional Fermi
constant, so in the following we will not take it into account.
The corresponding amplitude can be written in the form
M = 4παGFa1√
2
VbcV
∗
udǫ
µ
[
Hµν(Q
2)Lν +HµL
µν(Q2)
]
, (2)
where ǫµ is the final photon polarization vector, Q
2 = (k1+k2)
2 is the squared invariant mass
of quark-antiquark pair, and Hµν , Hν , Lµν , Lν are the amplitudes of Bc → γW , Bc → W ,
W → ud¯γ, W → ud¯ transitions respectively. The last two amplitudes are equal to
Lν = δ
iju¯(k1)γνd(k2), (3)
Lµν = δ
ij
{
eu
1
(k1 + k)2
u¯(k1)γµ(kˆ1 + kˆ)γν(1 + γ5)d(k2)+
ed
1
(k2 + k)2
u¯(k1)γν(1 + γ5)(kˆ2 + kˆ)γµd(k2)
}
, (4)
where i, j are quark’s color indices, eu = 2/3, ed = −1/3 are electric charges of u and d
quarks, and we neglected the masses of final particles. The vertices of Bc meson decays
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FIG. 1: Feynman diagrams for Bc → γud¯ decay
strongly depend on its internal structure and cannot be calculated in the framework of
perturbation theory. It is convenient to write them in the general form
Hν = fBcPν (5)
Hµν(Q
2) = Aggµν + App(Q
2)PµPν + Akk(Q
2)kµkν + Apk(Q
2)Pµkν +
Akp(Q
2)kµPν + iAe(Q
2)eµναβP
αkβ , (6)
where fBc is the leptonic constant of Bc meson and Ag,pp,kk,pk,kp,e are Bc → γW decay form
factors. Let us first consider the consequences of gauge invariance. In order to satisfy this
condition the vertices (3) – (6) should be connected by the following relations
kµLµν = (ed − eu)Lν , kµHµν = (ec − eb)Hν . (7)
The validity of the first equality can easily be checked by direct calculations, and in order
to satisfy the second one the following identities should hold:
(Pk)App(Q
2) = (eb − ec)fBc , Ag(Q2) = −(Pk)Apk(Q2). (8)
It should be stresses that these identities are analogs of Ward identities in QED and do not
depend on the model used for description of Bc meson.
4In order to obtain numerical results one should use some explicit expressions for presented
in the vertex (6) form factors. The simplest model is the assumption that heavy quarks stay
at rest in Bc meson rest frame, so their momenta are equal to
pb,c =
mb,c
M
P, (9)
where mb,c are constituent masses of b and c quarks, and total mass of Bc meson is M =
mb +mc. In this approximation the hadronization of bc¯ pair is described by the projection
operator
Π =
δij
2
√
3
1
4mbmc
ψ(0)√
M
(pˆc +mc)(Pˆ +M)γ5(pˆb −mb), (10)
where i, j are quarks’ color indices, and Ψ(0) is Bc meson wave function at the origin.
Leptonic decay constant fBc in this approximation is equal to [8, 9]
fBc = 2
√
3
M
Ψ(0),
where Ψ(0) is a radial part of meson wave function at the origin. Then, the form factors are
determined by the following expressions:
Aδg
(
Q2
)
= −
√
3M
mbmc
a1 |Ψ(0)| (ecmb − ebmc) ,
Aδpp
(
Q2
)
=
4
√
3√
M
a1
(eb − ec) |Ψ(0)|
M2 −Q2 ,
Aδkk
(
Q2
)
= 0,
Aδpk
(
Q2
)
= Aδkp
(
Q2
)
=
2
√
3M
mbmc
a1
(ecmb − ebmc) |Ψ(0)|
M2 −Q2 ,
Aδe
(
Q2
)
=
2
√
3M
mbmc
a1
(ecmb + ebmc) |Ψ(0)|
M2 −Q2 .
Differential and total widths of the considered decay in this approximation can be calculated
analytically:
d2Γ
dskdQ2
=
3α
16π2
[
a1VbcVud
fBcGF
mc
]2
(ebmc + ecmb)
2
M3
Q2
(M2 −Q2)2 ×[
Q4 + 2s2Q
2 + s22
(
1− m
2
c
m2b
)
− 2M2(s2 +Q2) +M4
]
, (11)
dΓ
dQ2
=
α
16π2
[
a1VbcVud
fBcGF
mcmb
]2
(ebmc +mceb)
2
M3
(m2b +m
2
c)Q
2(M2 −Q2), (12)
Γ =
α
96π2
[
a1VbcVudfBcGF
mbmc
]2
M3(ebmc + ecmb)
2, (13)
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FIG. 2: Left pabel: Bc → γW vertex form factors. Solid, dashed and dotted lines correspond
to App, Apk, and Ae form factors respectively. The others are connected with them by the Ward
identities (8); Right panel: transferred momentum distribution of Bc → γud¯ decay branching
fraction
where s2 = (P − k2)2. It is interesting to note that these expressions are free from collinear
and infrared singularities and tend to zero in Q2 → 0 and Q2 → M2 limits. This behavior
is explained by mentioned above chirality suppression.
In our paper we use the following values of model parameters:
MBc = 6.2GeV, mb = 4.5GeV, mc = 1.7GeV
fBc = 400MeV, Vbc = 0.045, τBc = 0.452 ps
Transferred momentum distributions of Bc → γW form factors and Bc → γud¯ branching
fraction are shown in left and right panels of Fig.2. Integrated branching fraction of the
inclusive decay Bc → γud¯ with this choice of the parameters is equal to
Br[Bc → γud¯] = 1.3× 10−4.
Let us now consider the case of exlusive decays. According to the factorization theorem,
for the exclusive decay Bc → γR the distribution of the branching fraction over the squared
invariant mass of light mesons system Q2 is connected with the width of the inclusive decay
Bc → γud¯ [10, 11]:
dΓ(Bc → γR)
dQ2
=
∫
dQ2
2π
dΓ(Bc → γud¯)
dQ2
ρR(Q2), (14)
where the spectral function ρR describes the hadronization of ud¯ pair into final state R.
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FIG. 3: Charged particle multiplicity calculated using Pythia generator in comparison with exper-
imental data [12, 13]
These spectral functions can be determined, for example, from the analysis of the exclusive
decays τ → ντR, as it was done in [11]. The drawback of such approach is that the
kinematical region of Q2 in our case is larger than in the case of τ lepton decays. An
alternative approach is to consider hadronization of quark-antiquark pair by mesons in
Pythia event generator [14]. Using this method one can determine the spectral functions
over the whole kinematic region. As it seen from Fig. 3 such approach describes well the
experimental data for mean charged particles multiplicity. It should be noted, however, that
this approach does not allow one to control the conservation of some quantum numbers, e.g.
isospin or charge parity of the final state. For this reason presented below results should be
considered as rough estimated. The values of integrated branching fractions are presented
in Fig.4.
III. CONCLUSION
In the presented paper the production of light mesons in Bc decays with emission of
additional photon is considered.
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FIG. 4: Branching fractions of exclusive Bc → γR decays for different models of ud¯ pair hadroniza-
tion. Symbols “•” and “” corrspond to predictions based on Pythia generator and τ lepton decays
analysis respectively
It is well known that at ledaing order without photon emission such decays are strongly
suppressed by chirality conservation. According to presented in [6] results the branching
fraction of Bc → ud¯ decay is about 10−8 (such suppression is absent if charged Higgs boson
contribution [15–17] are taken into account, so considered decay can be used to set an upper
bound on its mass). In our paper we show, that consideration of higher order processes
Bc → ud¯γ allows one to bypass this rule, so the branching fractions increase by about four
orders of magnitude. It is clear also, that the same effect can be observed in recently detected
Bs → µ+µ− decay [18–20].
In our work we calculate analytical expressions for differential and integrated branching
fractions of inclusive Bc → ud¯γ decay and present numerical results. In addition, using ex-
perimental data on τ -lepton decays and charged meson multiplicities we obtain the estimates
for branching fractions of exclusive decays.
It should be noted that in our calculations the leading order nonrelativistic Quantum
8Chromodynamic was used, so we neglected the intrinsic motion of quarks in Bc meson. One
can expect, however, that, similar to double charmonium production in electron-positron
annihilation [21, 22] and bottomonia decays [23–25], this effect could lead to significant
increase of the branching fractions.
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